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METHOD FOR PRODUCING DISPLAY- DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a passive matrix type or an 
active matrix type display device such as a liquid crystal 
display device, in particular, a fashionable display device 
having a large occupying area of a display portion on a 
substrate which is obtained by effectively forming a 
semiconductor integrated circuit for driving. 

2. Description of the related art 

Structures of a passive matrix type and an active matrix 
type have been known as a matrix type display device. 

In the passive matrix type, a large number of strip type 
electrical wirings (row wirings) made of a transparent 
conductive film or the like are formed on a first substrate 
along a desired direction, and strip type electrical wirings 
(column wirings) are formed on a second substrate in a direction 
substantially perpendicular to the desired direction of the 
electrical wirings formed on the first substrate. These 
substrates are arranged so that the electrical wirings formed on 
both the substrates are opposite to one another. 

If an electro-optical material such as a liquid crystal 
material that a transparent ( transmit tance) degree and a 
photoref lective-scattering degree are changed by a voltage, a 
current or the like is formed between the substrates, the 
transparent degree, the photoref lective-scattering degree and 
the like in its intersection portion can be selected by applying 
(supplying) a voltage, a current or the like between a desired 
row wiring on the first substrate and a desired column wiring on 
the second substrate. Thus, a matrix display can be performed. 

In the active matrix type, row wirings and column wirings 
are formed on the first substrate using a multilayer wiring 
(interconnection) technique, pixel electrodes are formed in 
those intersection portions, and an active element such as a 
thin film transistor (TFT) is formed at each pixel electrode, so 
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that a structure which controls a voltage (potential) or a 
current with respect to the pixel electrodes is obtained. Also, 
a transparent conductive film is formed on the second substrate. 
The first and second substrates are arranged so that the pixel 
electrodes on the first substrate are opposite to the 
transparent conductive film on the second substrate. 

A substrate to be used is selected in accordance with a 
producing process. In the passive matrix type, since a complex 
process is not performed except that a transparent conductive 
film is formed and then etched to form row and column wiring 
patterns, a glass substrate and a plastic substrate can be used. 
On the other hand, in the active matrix type, since a film 
formation process with relatively high temperature is performed 
and the prevention of an active ion such as sodium is required, 
it is necessary to use a glass substrate having an extremely low 
alkali concentration. 

Thus, in a conventional matrix type display device, except 
for a special device, it is necessary to provide the display 
device with a semiconductor integrated circuit (a peripheral 
driver circuit or a bar circuit) for driving a matrix circuit. 
Such a circuit is mounted by using tape automated bonding (TAB) 
or chip on glass (COG) . However, since it has a large scale 
matrix with, for example, about several hundred lines, the 
number of terminals in an integrated circuit is extremely large. 
Since a driver circuit is constructed by a rectangular-shaped 
integrated circuit (IC) package and a semiconductor chip, it is 
necessary to lead wirings in order to connect these terminals to 
electrical wirings on a substrate. Therefore, an area of 
peripheral portion cannot be neglected in comparison with a 
display screen. That is, this area is large relatively. 

To solve the problem, a method for forming a driver circuit 
on a long and narrow substrate (stick or stick crystal) having 
substantially the same length as a side of a matrix circuit and 
then connecting the driver circuit to terminals of the matrix 
circuit is disclosed in Japanese Paten Application Open No. 7- 
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14830. Since a width of about: 2 mm is sufficient for the driver 
circuit, such arrangement is possible. Thus, an area on the 
substrate can be almost used as a display screen. 

In this state, when a matrix circuit has a large area, since 
a circuit cannot be formed on a silicon wafer, it is necessary 
to form it on a glass substrate or the like. Thus, an active 
element disposed in the pixel electrode on a semiconductor 
circuit formed on a glass substrate or the like is a T?T using a 
crystalline semiconductor or an amorphous semiconductor. 

With respect to the stick crystal, a thickness of a 
substrate for a driver circuit suppresses miniaturization of the 
whole display device. It is possible that a thickness of a 
substrate is set to 0.3 mm in order to obtain a thinner display 
device, by optimizing a kind of a substrate and a process. From 
a strength required in a producing process, it is difficult to 
set a thickness of the stick crystal to 0 . 5 mm or less. 

When a kind of the stick crystal is different from that of 
the substrate of the display device, a defect may occur in a 
circuit by a difference of thermal expansion or the like. In 
particular, when a plastic substrate is used in the display 
device, this occurs remarkably. This is because that, it is 
substantially impossible from a view of heat resistance that 
plastic is used as a substrate of the stick crystal. Also, since 
the formed semiconductor integrated circuit is thin, wirings to 
be connected to the semiconductor integrated circuit is 
disconnected (broken) at a large step portion of end portions of 
the semiconductor integrated circuit or a wiring resistance 
becomes high, so that a product yield of the whole device and 
reliability are reduced. 

In the passive matrix type liquid crystal display device, a 
first plurality of strip type electrode wirings made of a 
transparent conductive film are provided on a first substrate 
and extended to a first direction. A second plurality of 
electrode wirings made of a transparent conductive film are 
provided on a second substrate and extended to a direction 
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substantially perpendicular to the first direction. The first 
electrode wirings are provided to be opposite to the second 
electrode wiring through spacers scattered between the first and 
second substrates. A liquid crystal material is filled between 
the first and second electrode wirings and sealed by mainly a 
seal material (member) which is provided in periphery of a 
region that the first substrate is opposite to the second 
substrate. A peripheral driver circuit, which is connected to 
the first and second electrode wirings and controls pixels 
formed by these electrode wirings and the liquid crystal 
material, is provided outside the region that the first 
substrate is opposite to the second substrate. 

In the passive matrix type liquid crystal display device, a 
complex process is not performed except that a transparent 
conductive film is formed on a substrate and then etched to form 
strip type electrical wirings and a temperature that the 
substrate is to be processed is low. Thus, a glass substrate and 
a plastic substrate can be used as the first and second 
substrates . 

In an active matrix driver type liquid crystal display 
device, a first substrate in which an active matrix circuit is 
provided is disposed to be opposite to a second substrate (an 
opposite substrate) that an opposite electrode of a transparent 
electrode is provided on the whole surface, through spacers 
scattered on the first substrate. A liquid crystal material is 
sealed by mainly a seal material which is provided in periphery 
of a region that the first substrate is opposite to the second 
substrate. In the active matrix circuit, pixel electrodes 
connected to TFTs are disposed in a plurality of matrix forms. 
Outside the region that the first substrate is opposite to the 
second substrate, a source driver circuit and a gate driver 
circuit are provided as a peripheral driver circuit for driving 
the active matrix circuit. 

In a conventional matrix type liquid display device, the 
peripheral driver circuit is formed by using a semiconductor 
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integrated circuit and mounted by using TA3 or COG. However, the 
number of electrode wirings for constructing a display screen is 
several hundreds or more. Since a driver circuit is an IC 
package and a semiconductor chip, it is necessary to lead 
wirings in order to connect these terminals to electrical 
wirings on a substrate. Therefore, an area of peripheral portion 
cannot be neglected in comparison with a display screen. 

To solve the above problem, there is a method forming 
directly a semiconductor integrated circuit using TFTs on a 
substrate except a region in that the first substrate is 
opposite to the second substrate and pixels are formed. Also, 
there is a method for obtaining the semiconductor integrated 
circuit by forming directly a driver circuit on a substrate on 
which a silicon thin filn is deposited using an integrated 
circuit- producing technique. In another method, an semiconductor 
integrated circuit using TFTs is formed on other supporting 
substrate by using the same technique, and then peeled to adhere 
it on the first and second substrates, or adhered to the 
substrate before removing an original supporting substrate. 

In a liquid crystal display device having such a structure, 
it is necessary to provide a protective film made of an organic 
resin and a silicon nitride system substance in order to prevent 
the semiconductor integrated circuit from contaminating due to 
an impurity such as moisture, dust, sodium. However, when such a 
structure is used, stress due to the protective film acts to the 
TFTs constructing the semiconductor integrated circuit. Thus, a 
density of a recombination center of silicon in the TFT is 
increased and various characteristics such as threshold voltage 
of the TFT are changed. Also, a characteristic of the TFT 
constructing the semiconductor integrated circuit is changed by 
influence due to a pressure applied from an external after the 
liquid crystal display device is completed. 

To solve the above problem, an example of a conventional 
active matrix type liquid crystal display device is shown in 
Fig. 12. In Fig. 12, an active matrix circuit 305 including 
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oixel electrodes (not shown) , a source driver circuit 303 and a 
gate driver circuit 304 are provided on a first substrate 3 01. 
An opposite (counter) electrode opposite to the pixel electrodes 
is provided on a whole surface of a second subscrate (counter 
substrate) 3 02. Spacers (not shown) are scattered on the first 
substrate 301. Between both electrodes a liquid crystal material 
306 is filled and sealed by a seal material 307. 

In Fig. 12, not only the active matrix circuit 3 05 but also 
the source driver circuit 3 03 and the gate driver circuit 3C4 
which are a peripheral driver circuit are opposite to the 
counter substrate to be in contact with the liquid crystal 
material 306. That is, by the liquid crystal material 306, TFTs 
constructing the peripheral driver circuit are protected. This 
structure is disclosed in Japanese Patent Application Open No. 
5-66413-, for example. 

In the liquid crystal display device, spacers which have a 
spherical shape, a stick shape, an angular shape or the like 
between the substrates and are made of a hard material such as 
silica are scattered uniformly, to maintain an interval between 
two substrates. Each spacer has a diameter corresponding to the 
same length as an interval between the substrates. The diameter 
is about 3 (im to 8 urn in a display device using a nematic liquid 
crystal, and 1 [im to 4 Jim in a display device using a smectic 
liquid crystal. The number of the spacers is about 50 to 1000 
per one pixel in a case wherein a size of one pixel is several 
10 jim square to several 100 urn square. 

In the peripheral driver circuit, a large number of TFTs are 
provided extremely adjacent to one another. Thus, in the liquid 
crystal display device of Fig. 12, since the peripheral driver 
circuit is provided within a liquid crystal region, if external 
stress is applied to the substrates, the peripheral driver 
circuit may be broken by the spacers provided between the 
substrates. Thus, the peripheral driver circuit do not operate 
regularly, a point defect and a line defect occur and further a 
display may be impossible, so that reliability and durability of 
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the liquid crystal display device are reduced. Such a phenomenon 
occurs remarkedly in the liquid crystal display device using a 
plastic substrate which is modifiable by external stress. 
SUMMARY OF THE INVENTION 

The object of the present invention is to solve the problem 
with respect to the stick crystal and to obtain a small and 
light-weight display device. 

In the present invention, only a semiconductor integrated 
circuit equivalent to the stick crystal is connected 
mechanically and electrically on a substrate of a display device 
to thin a driver circuit portion. In this state, it is 
characterized in that a cross section of the semiconductor 
integrated circuit portion becomes a taper shape that is wide in 
a connection portion to the display device and become narrow as 
it is apart therefrom. In such a structure, there is no vertical 
step and disconnection of an electrical wiring does not occur 
easily. Also, since electrical connection is performed by 
heating treatment in a lump, thereby to obtain high throughput. 

Also, to obtain a small and. light-weight liquid crystal 
display device by providing a peripheral driver circuit for 
controlling display pixels and electrode wirings in a region in 
which a liquid crystal is injected, the object of the present 
invention is to prevent the peripheral driver circuit and TFTs 
constructing the peripheral driver circuit from breaking due to 
stress application to the substrates and to improve reliability 
and durability of the liquid crystal display device. 

A basic structure of a display device according to the 
present invention is as follows. That is, a first substrate 
includes electrical wirings and a long and narrow semiconductor 
integrated circuit which has TFTs and is connected electrically 
to the electrical wirings, and a second substrate includes a 
transparent conductive film on a surface thereof. A surface of 
the first substrate that the electrical wirings are formed is 
opposite to the transparent conductive film on the second 
substrate. Thus, as the stick crystal disclosed in Japanese 
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Paten Application Open No. 7-14830, the semiconductor integrated 
circuit has substantially the same length as one side of a 
display screen (i.e., a matrix circuit) of the display device 
and is" obtained by peeling it from another substrate and then 
forming it on the first substrate. 

In the passive matrix type, a first substrate includes first 
electrical wirings of a plurality of transparent conductive 
films extended to a first direction and a first long and narrow 
semiconductor integrated circuit having TFTs which is connected 
to the first electrical wirings and extended to a second 
direction substantially vertical to the first direction, and a 
second substrate includes second electrical wirings of a 
plurality of transparent conductive films extended to the second 
direction and a second semiconductor integrated circuit having 
TFTs which is connected to the second electrical wirings and 
extended to the first direction. The first and second substrates 
in the display device are arranged so that the first electrical 
wirings are opposite to the second electrical wirings. The first 
and second semiconductor integrated circuits are obtained by 
peeling them from another substrate and then forming then on the 
first and second substrates. 

In the active matrix type, a first substrate includes a 
first plurality of electrical wirings extended to a first 
direction and a first semiconductor integrated circuit having 
TFTs which is connected to the first electrical wirings and 
extended to a second direction substantially vertical to the 
first direction, a second plurality of electrical wirings 
extended to the second direction, and a second semiconductor 
integrated circuit having TFTs which is connected to the second 
electrical wirings and extended to the first direction, and a 
second substrate includes a transparent conductive film on a 
surface thereof. The first and second substrates in the display 
device are arranged so that the first and second electrical 
wirings on the first substrate are opposite to the transparent 
conductive film on the second substrate. The first and second 
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semiconductor integrated circuits are obtained by peeling then 
from another substrate and then forming them on the first 
substrate . 

A method for forming a semiconductor integrated circuit 
having TFTs on a substrate, peeling the formed circuit frora the 
substrate and adhering the peeled circuit on another substrate 
(or removing the substrate after adhering the circuit on another 
substrate) has been known as a silicon on insulator (SOI) 
technique. The technique disclosed in Japanese Patent 
Application Open No. 6-504139, another known technique or a 
technique used in an embodiment described below may be used. 

Figs. 1A and IB show an example of a cross section of a 
passive matrix type display device. Fig. 1A is a cross section 
obtained at a relatively low magnification. The left side shows 
a driver circuit portion 1 formed on a semiconductor integrated 
circuit, and the left shows a matrix portion 2. A semiconductor 
integrated circuit 6 having a taper-shaped cross section is 
fixed mechanically on a substrate 3 by a resin 5. A pattern of 
an electrical wiring 4 made of a transparent conductive film or 
the like is formed and at the same time an electrical connection 
is performed. Fig. 13 is obtained by magnifying a region 
enclosed by a dot line in Fig. 1A. The semiconductor integrated 
circuit 6 has a structure that an N-channel type TFT 7 and a ?- 
channel type TFT 8 are disposed between a base insulating film 
9, an interlayer insulator 10 and a passivation film 11 of 
silicon oxide or the like. . _ • 

With respect to a contact portion of a semiconductor 
integrated circuit and a wiring electrode, a wiring may be 
patterned after the semiconductor integrated circuit is fixed on 
a substrate. As shown in Fig. 3A, a semiconductor integrated 
circuit 3 4 having a metal wiring 3 3 may be fixed on a substrate 
40 having an electrical wiring 31 of a transparent conductive 
film or the like in advance and then electrical connection may 
be performed. Figs. 33 and 3C are magnification views of 
connection portions. The electrical connection is performed by a 
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method for using an anisotropic conductive adhesive 3 2 in Fig. 
3B or a method for crimping the metal wiring 3 3 in a bump 3 5 
disposed on a wiring electrode 31 in advance in Fig. 3C. 

Figs . " 7A and 73 show another example of a cross section of a 
passive matrix type display device. Fig. 7A is a cross section 
obtained at a relatively low magnification. The left side shows 
a driver circuit portion 111 formed on a semiconductor 
integrated circuit, and the left shows a matrix portion 112. A 
metal wiring 114 and a semiconductor integrated circuit 116 are 
fixed mechanically on a substrate 113 by a resin 115. 

An overlapping portion of an electrical wiring 122 made of a 
material such as a transparent conductive film formed on the 
substrate 113 and the metal wiring 114 is heated by laser 
irradiation and then melted, to perform electrical connection. 
At this time, it is desired that the metal wiring 114 is melted 
easily. Thus, it is preferable to use a metal such as an indium, 
tin oxide (ITO) having a low melting point. 

Fig. 73 is obtained by magnifying a region enclosed by a dot 
line in Fig. 7A. The semiconductor integrated circuit 116 has a 
structure that an N-channel type TFT 117 and a P-channel type 
TFT 118 are disposed between a base insulating film 119, an 
inter layer insulator 120 and a passivation film 121 of silicon 
oxide or the like. 

With respect to a contact portion of the metal wiring 114 
and the wiring electrode 122, in addition to a laser melting 
method, in Fig. 8A, a semiconductor integrated circuit 134 
having a metal wiring 133 may be fixed on a substrate 140 having 
an electrical wiring 131 of a transparent conductive film or the 
like by using an anisotropic conductive adhesive 13 5 and then 
electrical connection may be performed by heating and crimping. 
Figs. 83 and 8C are magnification views of connection portions. 
In the connection using an anisotropic conductive adhesive 135 
(Fig. 8B) , the metal wiring 133 is connected electrically to the 
electrical wiring 131 by using conductive particles 13 6 in the 
anisotropic conductive adhesive 135. In Fig. SC, a method for 
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disposing a bump 137 made of a metal having a low melting point 
on the wiring electrode 131 in advance and then melting the bump 
137 by heating to electrically connect the electrical wiring 131 
to the metal wiring 13 3 can be used. 

A schematic order of processes for producing such a passive 
matrix type display device is shown in Figs. 2A to 2G. A large 
number of semiconductor integrated circuits (peripheral driver 
circuits) 22 are formed on a desired substrate 21. (Fig. 2A) 

The substrate 21 having the circuits 22 is divided to obtain 
stick crystals 23 and 24. Electrical characteristics in the 
obtained stick crystals are tested before performing next 
process, to select a good product. (Fig. 2B) 

The stick crystals 23 and 24 are adhered on surfaces 2 6 and 
2 8 of another substrates 2 5 and 27 in which patterns of wirings 
made of- a transparent conductive film are formed, by the SOI 
technique, and semiconductor integrated circuits 29 and 3 0 on 
the stick crystals 23 and 24 are connected electrically to the 
wirings. (Figs. 2C and 2D) 

The stick crystals 23 and 24 are peeled so as to remain only 
the semiconductor integrated circuits 29 and 3 0 on the surfaces 
26 and 28 of the substrates 25 and 27. (Figs. 2E and 2F) 

The obtained substrates are opposed to one another, so that 
a passive matrix type display device is obtained. A surface 26 
is a reverse surface of the surface 26, i.e., a surface on which 
a wiring pattern is not formed. (Fig. 2G) 

In the above case, a row stick crystal (a stick crystal for 
a driver circuit for driving a row wiring) and a column stick 
crystal (a stick crystal for a driver circuit for driving a 
column wiring) are divided from the same substrate 21. However, 
these stick crystals may be divided from another substrate. 
Although a passive matrix type display device is shown in Figs. 
2 A to 2G, the same process may be performed for an active matrix 
type display device. A case wherein a material such as a film is 
formed as a substrate is shown in an embodiment. 

According to the present invention, there is provided a 
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liquid crystal display device includes a first: subs crate in 
which a passive matrix circuit and a peripheral driver circuit 
are provided, a second substrate which is provided to be 
opposite to the first substrate, includes a passive matrix 
circuit and a peripheral driver circuit and has at least a size 
corresponding to the passive matrix circuit and the peripheral 
driver circuit, spacers provided between the first and second 
substrates to maintain a desired substrate interval, a seal 
material formed outside at least the passive matrix circuits and 
the peripheral driver circuits in the first and second 
substrates, and a liquid crystal material filled inside a region 
enclosed by the seal material, wherein a protective film formed 
on the peripheral driver circuit: has substantially a thickness 
equivalent to an interval between the substrates which is formed 
by the spacers . 

According to the present invention, there is provided a 
liquid crystal display device includes a first substrate in 
which an active matrix circuit and a peripheral driver circuit 
are provided, a second substrate which is provided to be 
opposite to the first substrate and has at least a size 
corresponding to the active matrix circuit and the peripheral 
driver circuit, spacers provided between the first and second 
substrates to maintain a desired substrate interval, a seal 
material formed outside at least the active matrix circuits and 
the peripheral driver circuits in the first and second 
substrates, and a liquid crystal material filled insid_e a region 
enclosed by the seal material, wherein a protective film formed 
on the peripheral driver circuit has substantially a thickness 
equivalent to an interval between the substrates which is formed 
by the spacers . 

Fig. 13 shows an example of a liquid crystal display device 
according to the present invention. In Fig. 13, a first 
substrate 501 made of glass, plastic or the like and a second 
substrate 502 which is a counter substrate are provided to be 
opposite to one another. A counter electrode (not shown) is 
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provided inside the second substrate 502. 

On the first substrate 501, a large number of electrode 
wirings made of a transparent conductive film and a peripheral 
driver circuit 503 connected to the electrode wirings are 
provided. Also, on the second substrate 5 02, a large number of 
electrode wirings made of a transparent conductive film and a 
peripheral driver circuit 504 connected to the electrode wirings 
are provided. 

In a region outside the electrode wirings made of the 
transparent conductive film and the peripheral driver circuits 
503 and 504 in the first and second substrates 501 and 502, a 
seal material 507 is provided, and a liquid crystal material 506 
which is injected from a liquid crystal inlet (not shown) is 
filled. A plurality of spacers are provided in a region that the 
liquid crystal material 505 is injected. 

On the peripheral driver circuits 503 and 504, protective 
films 510 and 511 are provided. A thickness of the protective 
films 510 and 511 is substantially the same as an interval 
between the substrates 501 and 5 02 which is formed by the 
spacers. Note that numeral 505 represents display pixel 
electrodes and numeral 509 represents external connection 
terminals . 

Fig. 14 shows cross section along a line A-A' in Fig. 13. 
The protective film 510 is provided on the peripheral driver 
circuit 503. Also, between the first and second substrates, 
spacers 401 having, a spherical shape is scattered uniformly. 

In the present invention, since the protective film 110 
provided on the peripheral driver circuit 503 in the substrate 
501 has a thickness substantially equivalent to an interval 
between the substrates which is formed by the spacers, a 
concentration of local stress due to external stress 402 can be 
suppressed and breaking of the peripheral driver circuit 103 can 
be prevented. 

A schematic order of processes for producing such a display 
device is shown in Figs. 2A to 2G, as described above. In this 
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case, the stick crystals (stick substrates) 23 and 24 in which 
peripheral driver circuits are formed are obtained by cue ting 
the same substrate 21. However, these stick crystals may be 
obtained by different substrates. Although a passive matrix type 
display device is shown in Figs. 2A to 2G, the same process may 
be performed for an active matrix type display device. Further, 
since a driver circuit is formed on another substrate and then 
adhered, a material such as a plastic film can be used as a 
substrate . 

According to the present invention, in a liquid crystal 
display device, a matrix circuit: and a peripheral driver circuit 
are provided in a liquid crystal region, and a protective film 
having a thickness substantially equivalent to a size of the 
spacers scattered in the liquid crystal region is provided on 
the peripheral driver circuit, so that breaking of TFTs 
constructing the peripheral driver circuit due to stress 
application to the substrates can be prevented and an interval 
between the substrates can be maintained to be constant. Thus, 
reliability and curability of the liquid crystal display device 
can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and 13 show a cross section structure according to 
the present invention; 

Figs. 2A to 2G show a producing method of a display device 
of the present invention; 

Figs. 3A 3C show an example of a cross section structure 

of a display device of the present invention; 

Figs. 4A to 4C show an example of a producing process of a 
semiconductor integrated circuit used in the present invention; 

Figs. 5A to 5D show a process for adhering a semiconductor 
integrated circuit to a substrate of a display device ; 

Figs. 6A and 63 show an example of a producing process of a 
semiconductor integrated circuit used in the present invention; 

Figs. 7A and 73 show another example of a cross section 
structure of a display device of the present invention; 
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Figs, 8A to 8C show a cross section structure according zo 
the present invention; 

Figs. 9A to 9C show another example of a producing process 
of a semiconductor integrated circuit used in the present 
invention; 

Figs. 10A to 10D a process for adhering a semiconductor 
integrated circuit to a substrate of a display device; 

Figs. 11A and' 113 show an example of a process of electrical 
connection of a wiring in the present invention; 

Fig, 12 shows a conventional liquid crystal display device ; 

Fig. 13 shows a liquid crystal display device according co 
the present invention; 

Fig. 14 is a cross section view in a line A- A' of Fig. 13; 

Figs. 15A to 15C show a producing process of a stick 
substrate used in the present invention; and 

Figs. 16A to 1SD show a process for adhering a peripheral 
driver circuit on the stick substrate to another substrate in 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[Embodiment 1] 

The embodiment shows a schematic producing process for one 
substrate in a passive matrix type liquid crystal display 
device, using Figs. 4A to 5D. Figs. 4A to 4C show a schematic 
process for forming a driver circuit on a stick crystal, and 
Figs. 5A to 5D show a schematic process for forming the driver 
circuit on a substrate in a liquid crystal display device. 

A silicon film having a thickness of 3 000 A is deposited as 
a peeling layer 51 on a glass substrate 50. Since this silicon 
film is etched when a circuit formed thereon is peeled from the 
substrate, there is no problem almost with respect to a film 
quality, so that the silicon film may be deposited by a method 
that mass-production is possible. The silicon film may be 
amorphous or crystalline and include another element. 

As the glass substrate, a glass {containing no alkali or 
alkali at a low concentration) or a qjartz glass such as Corning 
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7059, Corning 1137, NK technoglass NA 45, NK technogiass NA 3 5 
or Japan electric glass 0A2 may be used. When a quartz glass is 
used, there is a problem in its cost. However, since, in the 
present invention, an area used in one liquid crystal display 
device is extremely small, a cost per unit is sufficiently low. 

A silicon oxide film 53 having a thickness of 2Q0 nm is 
deposited on the peeling layer 51. Since the silicon oxide film 
53 is used as a base film, it is necessary to pay sufficient 
attention to its formation. By a known method, crystalline 
island silicon regions (silicon islands) 54 and 55 are formed. A 
thickness of these silicon islands 54 and 55 influence 
characteristics of a necessary semiconductor circuit. In 
general, it is preferable to be a thin film. In the embodiment, 
the thickness is 40 to 60 nm. 

To obtain crystalline silicon, a method for irradiating an 
intense light such as a laser into amorphous silicon (a laser 
annealing method) or a method for making solid phase growth 
(crystallization) by thermal annealing (a solid phase growth 
(crystallization) method) is used. In using the solid phase 
growth method, as disclosed in Japanese Patent Application Open 
No. 6-244104, when a catalytic element such as nickel is added 
to silicon, a crystallization temperature can be reduced and an 
annealing time can be shortened. Also, as disclosed in Japanese 
Patent application Open No. 6-318701, silicon crystallized by 
the solid phase growth method may be laser-annealed. A. method to 
be used may be determined in accordance with characteristics of 
a necessary semiconductor integrated circuit, a heat-resistance 
temperature of a substrate and the like. 

By plasma chemical vapor deposition (plasma CVD) or thermal 
CVD, a silicon oxide having a thickness of 120 nm. is deposited 
as a gate insulating film 56, and then gate electrode-wirings 57 
and 58 using crystalline silicon having a thickness of 500 nm 
are formed. The gate electrode-wirings may be a metal such as 
aluminum, tungsten or titanium, or siliside thereof. When metal 
gate electrode-wirings 57 and 58 are formed, as disclosed in 
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Japanese Patent Application No. 5-267567 or 6-338612, an upper 
or a side surface of the gate electrode-wirings may be coated 
with an anodic oxide. A material constructing the gate 
electrode-wirings 57 and 58 may be determined in accordance with 
characteristics of a necessary semiconductor circuit, a heat- 
resistance temperature of a substrate and the like. (Fig. 4A) 

In a self -alignment, an N-type and a P-type impurities are 
introduced into the silicon islands 54 and 55 by ion doping or 
the like, to form N-type regions 59 and ?-type regions 60. An 
interiayer insulator 61 (a silicon oxide film having a thickness 
of 500 nm) is deposited by a known method, and then contact 
holes are formed therein, to form aluminum alloy wirings 62 to 
64. (Fig. 43) 

A polyimide film 70 is formed as a passivation film on those 
films by adding varnish and then curing it. In the embodiment, 
Photoneath UR-3800 of Toray Industries Inc. is used. Addition is 
oerformed by a spinner (not shown) . An addition condition may be 
determined in accordance with a desired film thickness. The 
polyimide film 70 having a thickness of about 4 |im is formed at 
3000 rpm for 30 seconds. After drying, exposure and development 
are performed. By selecting a desired condition, a desired taper 
shape can be obtained. The film is then cured by processing a: 
300 °C in an atmosphere containing nitrogen. (Fig. 4C) 

A transfer substrate 72 is adhered to the semiconductor 
integrated circuit by a resin 71. It is desired that the 
transfer substrate 72 has a strength and a flat surface to hold 
the integrated circuit impermanent ly. Thus, glass, plastic or 
the like can be used. Since the transfer substrate 72 is peeled 
later, it is preferable that the resin 71 is a removable 
material. Also, as the resin 71, a removable material such as an 
adhesive may be used. (Fig. 5 A) 

The processed substrate is left within air flow of a mixture 
gas of fluorine trichloride (CIF 3 ) and nitrogen. A flow rate of 
fluorine trichloride and nitrogen is set to 500 seem. A reaction 
process is 1 to 10 Torr . A temperature is a room temperature. It 
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has been known that fluorine halide such as fluorine trichloride 
has a characteristic for selectively etching silicon. On the 
other hand, silicon oxide is not almost etched. Thus, the 
peeling layer made of silicon is etched in accordance with an 
elapse. However, the base film 53 made of silicon oxide is not 
almost etched, so that a TFT element is not damaged. When 
further elapsing a time, the peeling layer 51 is etched 
completely, thereby to peel the semiconductor integrated circuit 
completely. (Fig. 53) 

The peeled semiconductor integrated circuit is adhered to a 
substrate 75 of a liquid crystal display device by a resin 76 
and then the transfer subs trace 72 is removed. (Fig. 5C) 

Thus, a transfer of the semiconductor integrated circuit: to 
the substrate 75 of the liquid crystal display device is 
completed. The substrate of the liquid crystal display device is 
polyether sulfate (PES) having a thickness of 0.3 mm. 

By sputtering, an indium tin oxide (ITO) film 80 having a 
thickness of 100 nm is formed. The ITO film is a transparent 
conductive oxide and patterned to complete electrical connection 
between the electrical wirings and the semiconductor integrated 
circuit. (Fig. 5D) 

As a result, the formation of the semiconductor integrated 
circuit on one substrate of the liquid crystal display device is 
completed. The liquid crystal display device is completed by 
using the obtained substrate. 
[ Embodiment 2 ] 

The embodiment shows a schematic process for producing a 
semiconductor integrated circuit on a stick crystal. The 
embodiment will be explained using Figs. 6A and 6B. 

In Fig. 6A, a peeling layer 102 made of silicon is formed on 
a substrate 101, and then a driver circuit (a semiconductor 
integrated circuit) 10 0 having TFTs is formed on the peeling 
layer 102. These are formed by the same process as in Embodiment 
1. A silicon oxide film is formed as a passivation film. In the 
embodiment, two-layer silicon oxide films 103 and 104 are formed 
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by plasma CVD. The first silicon oxide film 103 is formed by 
applying a relatively high power, and the second silicon oxide 
film 104 is formed by a relatively low power. A thickness of the 
first silicon oxide film 103 is 100 to 500 nm, and a thickness 
of the second silicon oxide film 104 is 500 to 1000 nn. 

After a resist 105 for patterning is formed, the substrate 
having a laminate is immersed in a 1/10 hydrofluoric acid 
solution to etch the silicon oxide films 103 and 104. At this 
time, an etching rate of the first silicon oxide film 103 formed 
by applying the relatively high power is low than that of the 
second silicon oxide film 104 formed by applying the relatively 
low power. As a result, the second silicon oxide film 104 is 
undercut greatly. (Fig. 63) 

Finally, by peeling the resist, a semiconductor integrated 
circuit having a taper-shaped cross section is completed. 

In the embodiment, the two-layer silicon oxide films 103 and 
104 for a passivation film are used. Three-layers or more may be 
used. Also, by changing a film formation condition successively, 
a film may be used so that an etching rate becomes large in a 
direction from a lower layer to an upper layer. Further, a 
material such as silicon nitride having the same effect or a 
combination thereof can be used. 

In the embodiment, since periphery of end portions of the 
insulating film 7 0 covering the semiconductor integrated circuit 
100 has a taper shape, disconnection of a formed wiring in a 
step portion can be prevented. Also, a product yield and 
reliability can be improved. 
[Embodiment 3] 

The embodiment shows a schematic producing process for one 
substrate in a passive matrix type liquid crystal display 
device, using Figs. 9A to 10D. Figs. 9A to 9C show a schematic 
process for forming a driver circuit on a stick crystal, and 
Figs. 10A to 10D show a schematic process for forming the driver 
circuit on a substrate in a liquid crystal display device. 

A silicon film having a thickness of 3000 A is deposited as 
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a peeling layer 151 or, a glass substrate 150. Since this silicon 
film is etched when a circuit formed thereon is peeled from the 
substrate, there is no problem almost with respect to a film 
quality, so that the silicon film may be deposited by a method 
that mass -production is possible. Also, the silicon film used as 
the peeling layer 151 may be amorphous or crystalline and 
include another element. 

As the glass substrate 150, a glass (containing no alkali or 
alkali at a low concentration) or a quartz glass such as Corning 
7059, Corning 1737, NK technoglass MA 45, MH technogiass NA 35 
or Japan electric glass 0A2 may be used. When a quartz glass is 
used, there is a problem in its cost. However, since, in the 
present invention, an area used in one liquid crystal display 
device is extremely small, a cost per unit is sufficiently low. 

A silicon oxide film 153 having a thickness of 200 nm is 
deposited on the peeling layer 151. Since the silicon oxide film 
153 is used as a base film, it is necessary to pay sufficient 
attention to its formation. 3y a known method, crystalline 
island silicon regions (silicon islands) 154 and 155 are formed. 
A thickness of the silicon islands 154 and 155 influence 
characteristics of a necessary semiconductor circuit, in 
general, it is preferable to be a thin film. In the embodiment, 
the thickness is 40 to 60 nm. 

To obtain crystalline silicon, a method for irradiating an 
intense light such as a laser into amorphous silicon (a laser 
annealing method) or a method for making solid phase growth 
(crystallization) by thermal annealing (a solid phase growth 
(crystallization) method) is used. In using the solid phase 
growth method, as disclosed in Japanese Patent Application Open 
No. 6-244104, when a catalytic element such as nickel is added 
to silicon, a crystallization temperature can be reduced and an 
annealing time can be shortened. Also, as disclosed in Japanese 
Patent application Open No. 6-318701, silicon crystallized by 
the solid phase growth method may be laser-annealed. A method to 
be used may be determined in accordance with characteristics or 
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a necessary semiconductor integrated circuit, a heat-resistance 
temperature of a substrate and the like. 

By plasma CVD or thermal CVD, a silicon oxide having a 
thickness' of 120 nm is deposited as a gate insulating film 156, 
and then gate electrode-wirings 157 and 158 using crystalline 
silicon having a thickness of 500 nm are formed. The gate 
eleccrode-wirings 157 and 158 may be a metal such as aluminum, 
tungsten or titanium, or siliside thereof. When metal gate 
electrode-wirings are formed, as disclosed in Japanese Patent 
Application No. 5-267667 or 6-338512, an upper or a side surface 
of the gate electrode-wirings may be coated with an anodic 
oxide. A material constructing the gate electrode-wirings 157 
and 158 may be determined in accordance with characteristics of 
a necessary semiconductor circuit, a heat-resistance temperature 
of a substrate and the like. (Fig. 9 A) 

in a self -alignment, an N-type and a p-type impurities are 
introduced into the silicon islands 154 and 155 by ion doping or 
the like, to form N-type regions 159 and P-type regions 16C in 
the silicon islands 154 and 155. An interlayer insulator 161 (a 
silicon oxide film having a thickness of 500 nm) is deposited by 
a known method, and then contact holes are formed therein, to 
form aluminum alloy wirings 162 to 164. (Fig. 9B) 

A polyimide film 170 is formed as a passivation film by 
adding varnish and then curing it. In the embodiment, Photoneath 
UR-3800 of Toray Industries Inc. is used. Addition is performed 
by a spinner (not shown) . An addition condition may be 
determined in accordance with a desired film thickness. The 
polyimide film 170 having a thickness of about 4 .urn is formed at 
3 000 rpm for 30 seconds. After drying, exposure and development 
are performed. By selecting a desired condition, a desired 
pattern can be obtained. Then, the film is cured by processing 
at 3 00 °C in an atmosphere containing nitrogen. A metal wiring 
190 of aluminum is formed thereon by sputtering. (Fig. 9C) 

A transfer substrate 172 is adhered to the semiconductor 
integrated circuit by a resin 171. It is desired that the 
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transfer substrate 172 has a strength and a flat surface to hold 
the integrated circuit impermanent ly . Thus, glass, plastic or 
the like can be used. Since the transfer substrate 172 is peeled 
later/ it* is preferable that the resin 71 is a removable 
material. Also, as the resin 71, a removable material such as an 
adhesive may be used. (Fig. 10A) 

The processed substrate is left in air flow of a mixture gas 
of fluorine trichloride (C1F 3 ) and nitrogen. A flow rate of 
fluorine trichloride and nitrogen is 500 seem. A reaction 
process is 1 to 10 Torr. A temperature is a room temperature. Ic 
has been known that fluorine halide such as fluorine trichloride 
has a characteristic for selectively etching silicon. Silicon 
oxide is not almost etched. Thus, the peeling layer 151 made of 
silicon is etched in accordance with an elapse. Since the base 
film 153 made of silicon oxide is not almost etched, a TFT 
element is not damaged. When further elapsing a time, the 
peeling layer 151 is etched completely, thereby to peel the 
semiconductor integrated circuit completely. (Fig. 103) 

The peeled semiconductor integrated circuit is adhered to a 
substrate 175 of a liquid crystal display device by a resin 176 
and then the transfer substrate 172 is removed. (Fig. 10C) 

Thus, a transfer of the semiconductor integrated circuit to 
the substrate of the liquid crystal display device is completed. 
The substrate of the liquid crystal display device is polyether 
sulfate (PES) having a thickness of 0.3 mm. 

An overlapping portion of a wiring electrode 18 0 and the 
metal wiring 190 which are formed on the substrate of the liquid 
crystal display device is irradiated with a YAG laser 185 and 
then heated, to perform, electrical connection. (Fig. 10D) 

As a result, the formation of the semiconductor integrated 
circuit on one substrate of the liquid crystal display device is 
completed. The liquid crystal display device is completed by 
using the obtained substrate. 
[Embodiment 4] 

The embodiment shows a schematic process for electrically 
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connecting a wiring on a substrate of a liquid crystal display 
device to a metal wiring in a semiconductor integrated circuit 
using Figs. 11A and 113. Figs. 11A and 11B are magnification 
views of a connection portion of a wiring electrode on a 
substrate of a liquid crystal display device and a metal wiring 
of a semiconductor integrated circuit. 

A wiring electrode 201 made of a transparent conductive film 
"is formed on a substrate 200 of a liquid crystal display device 
by sputtering. Further, a pad 202 made of a metal having a low 
melting point is formed in a portion to be electrically 
connected to a semiconductor integrated circuit by sputtering. 

Using the method as described in Embodiment 1, a 
semiconductor integrated circuit and a metal wiring which are 
formed on another substrate 203 are fixed mechanically through 
an adhesive 204. (Fig. 11A) 

An overlapping portion of the metal wiring on another 
substrate 203 and the pad 202 is melted by a YAG laser 206, to 
complete an electrical connection 208. (Fig. 11B) 

In the embodiment, a laser is irradiated from a position 
over the metal wiring of another substrate 203. In a case 
wherein a laser is irradiated from a position under the 
substrate 200, the same effect is also obtained. 
[Embodiment 5] 

The embodiment shows a schematic producing process for one 
substrate in a passive matrix type liquid crystal display 
device, using Figs. ISA to 16D. Figs. 15A to 15C show a 
schematic process for forming a peripheral driver circuit on a 
stick substrate, and Figs. 16A to 16D show a schematic process 
for forming the peripheral driver circuit on a substrate in a 
liquid crystal display device. 

A silicon film having a thickness of 3 000 A is deposited as 
a peeling layer 732 on a glass substrate 731. Since this silicon 
film is etched when a circuit formed thereon is peeled from the 
substrate, there is no problem almost with respect to a film 
quality, so that the silicon film may be deposited by a method 
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that mass -product ion is possible. The silicon film may be 
amorphous or crystalline. 

As the glass substrate 731, a glass (containing no alkali or 
alkali* at 'a low concentration) or a quartz glass such as Corning 
7059, Corning 1737, NK technoglass NA 45, NK technoglass NA 35 
or Japan electric glass OA2 may be used. When a quartz glass is 
used, there is a problem in its cost. However, since, in the 
present invention, an area used in one liquid crystal display 
device is extremely small, a cost per unit is sufficiently low. 

A silicon oxide film 73 3 having a thickness of 5000 A is 
deposited on the peeling layer 732. Since the silicon oxide film 
733 is used as a base film, it is necessary to pay sufficient 
attention to its formation. By a known method, crystalline 
island silicon regions (silicon islands) 734 and 735 are formed. 
A thickness of these silicon islands 734 and 735 influence 
characteristics of a necessary semiconductor circuit. In 
general, it is preferable to be a thin film. In the embodiment, 
the thickness is 400 to 600 A. 

To obtain crystalline silicon, a method for irradiating an 
intense light such as a laser into amorphous silicon (a laser 
annealing method) or a method for making solid phase growth 
(crystallization) by thermal annealing (a solid phase growth 
(crystallization) method) is used. In using the solid phase 
growth method, as disclosed in Japanese Patent Application Open 
No. 6-244104, when a catalytic element such as nickel is added 
to silicon, a crystallization temperature can be reduced and an 
annealing time can be shortened. Also, as disclosed in Japanese 
Patent application Open No. 6-318701, silicon crystallized by 
the solid phase growth method may be laser-annealed. A method to 
be used may be determined in accordance with characteristics of 
a necessary semiconductor integrated circuit, a heat-resistance 
temperature of a substrate and the like. 

By plasma CVD or thermal CVD, a silicon oxide having a 
thickness of 1200 A is deposited as a gate insulating film 73 6, 
and then gate electrode-wirings 737 and 738 using crystalline 
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silicon having a thickness of 5000 A are formed. The gate 
electrode-wirings may be a metal such as aluminum, tungsten or 
titanium, or siliside thereof. When metal gate electrode-wirings 
are formed, as disclosed in Japanese Patent Application No. 5- 
267667 or 6-338612, an upper or a side surface of the gate 
electrode-wirings may be coated with an anodic oxide. A material 
constructing the gate electrode-wirings 737 and 738 may be 
determined in accordance with characteristics of a necessary 
semiconductor circuit, a heat-resistance temperature of a 
substrate and the like. (Fig. 15A) 

In a self-alignment, an N-type and a P-type impurities are 
introduced into the silicon islands 134 and 13 5 by ion doping or 
the like, to form. N-type regions 739 and P-type regions 740. An 
interlayer insulator 741 (a silicon oxide film having a 
thickness of 5000 A) is deposited by a known method, and then 
contact holes are formed therein, to form, aluminum alloy wirings 

742 to 744. (Fig. 15B) 

A silicon nitride film 746 having a thickness of 2000 A is 
deposited as a passivation film by plasma CVD, and then a 
contact hole for the wiring 744 of an output terminal is formed 
therein. By sputtering, an electrode 747 made of an ITO film 
having a thickness of 1000 A is formed. The ITO film is a 
transparent conductive oxide. Then, a bump 748 made of gold 
having a diameter of about 50 pa and a height of about 3 0 urn is 
formed mechanically on the ITO electrode 747. The obtained 
bircuit is divided to obtain stick substrates each having a 
desired size. (Fig. 15C) 

On the other hand, as shown in Figs. 16A, an ITO electrode 
750 having a thickness of 1000 A is formed on a substrate 749 
used in a liquid crystal display device, in the embodiment, the 
substrate in the liquid crystal display device is poiyether 
sulfate (PES) having a thickness of 0.3 mm. Stress (pressure) 
are applied to the substrate 749 and the stick substrate 731 to 
adhere to these substrates one another. At this time, the ITO 
electrode 747 is connected electrically to the ITO electrode 7 50 
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through the bump 748. (Fig. 16A) 

An adhesive 751 which is mixed with a thermally curable 
organic resin is injected into a gap between the stick substrate 
731 and the substrate 749 in the liquid crystal display device. 
The adhesive 751 may be applied to a surface of one of the 
substrates in advance before the stick substrate 731 is crimped 
to the substrate 749 in the liquid crystal display device. 

By processing at 120 °C for 15 minutes in an atmosphere 
containing nitrogen in an oven, electric connection and 
mechanical adhesion between the stick substrate 731 and the 
substrate 749 are completed. Before complete adhesion, it may be 
tested whether or not sufficient electrical connection state is 
obcained, by a method disclosed in Japanese Patent Application 
Open No. 7-14880, and then a main adhesion method may be 
utilized. (Fig. 163) 

The processed substrates are left within air flow of a 
mixture gas of fluorine trichloride (C1F 3 ) and nitrogen. A flow 
rate of fluorine trichloride and nitrogen is set to 500 seem. A 
reaction process is 1 to 10 Torr. A temperature is a room 
temperature. It has been known that fluorine halide such as 
fluorine trichloride has a characteristic for selectively 
etching silicon. On the other hand, silicon oxide is not almost 
etched. However, oxides (silicon oxide and ITO) are not almost 
etched. Also, when a stable oxide film is formed on a surface of 
aluminum, since reaction is stopped, etching is not performed. 

In the embodiment, a material which is etchable by fluorine 
trichloride is the peeling layer (silicon) 732, the silicon 
islands 734 and 735, the gate electrodes 737 and 738, the 
aluminum alloy wirings 742 to 744 and the adhesive 751. With 
respect to the materials other than the peeling layer 732 and 
the adhesive 751, since a material such as silicon oxide is 
formed outside the materials, fluorine trichloride cannot reach 
the materials. Actually, as shown in Fig. 16C, only the peeling 
layer 732 is etched selectively, thereby to form holes 752. 
When a time elapses, the peeling layer 73 2 is etched 
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completely, so that a bottcrr. surface 753 of the base film 733 is 
exposed. Therefore, the stick substrate 731 can be separated 
from a semiconductor circuit. In etching using fluorine 
trichloride, since etching is stopped at the bottom surface 753 
of the base film 733, the bottom surface 753 is extremely fiat, 
(rig. 16D) 

By such processing, a transfer of the peripheral driver 
circuit from the stick substrate to one substrate of the liquid 
crystal display device is completed. Then, a polyimide film is 
formed as a protective film on the transferred peripheral driver 
circuit by adding varnish and then curing it. In the embodiment, 
Photoneath UR-3800 of Toray Industries Inc. is used. Addition is 
performed by a spinner (not shown) . An addition condition may be 
determined in accordance with a desired film thickness. The 
polyimide film having a thickness of about 5 urn is formed at 
2000 rpm for 20 seconds. After the addition is performed, 
drying, exposure and development are performed to remove an 
unnecessary polyimide. The film is then cured by processing it 
at 300 °C in an atmosphere containing nitrogen. It is important 
that a thickness of the polyimide film is set to be 
substantially the same as a diameter of spacers to be used 
later. Thus, it can be prevented that the spacers are present on 
the peripheral driver circuit. A thickness of the polyimide film 
may be set to be substantially the same as that of a seal 
material. However, in general, the thickness of the seal 
material is determined by the spacers, the thickness of the 
polyimide film is generally set to be the diameter of the 
spacers. In a passive matrix type display device, the other 
substrate is produced by substantially the same process as 
described above. 

Next, a producing process for a passive matrix type liquid 
crystal display device is explained below. 

The first and second substrates produced by the above 
processes are sufficiently washed to remove various chemicals 
such as an etching solution, a resist solution and a peeling 
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solution which are used for surface-processing. 

An orientation film is adhered to an electrode region which 
is made of ITO and constructs pixels. An orientation material is 
obtained by dissolving, in a solvent such as butyl cellosolve or 
N-methyl pyrrolidone, a polyimide having about 10 weight % of 
the solvent. 

The orientation films adhered to the first and second 
substrates are heated and cured (baked) . Then, rubbing treatment 
is performed so that a surface of a glass substrate to which the 
orientation film is adhered is rubbed in a desired direction by 
using a buff cloth (a fiber such as rayon and nylon) having of a 
wool length of 2 to 3 mm at a surface and thus fine grooves are 
formed. 

Spherical spacers of a polymer system, a glass system, a 
silica system or the like are scattered (dispersed) on one of 
the first and second substrates. A spacer scattering method 
includes a wet method for scattering, on a substrate, spacers 
into which a solvent such as pure water or alcohol is mixed and 
a dry method for scattering, on a substrate, spacers without 
using a solvent. In the embodiment, the dry method is used. 

A resin used as a seal material provided in an outer side of 
a substrate is applied. The seal material to be used is obtained 
by dissolving an epoxy resin and a phenol curing agent in a 
solvent of ethyl cellosolve. An acrylate system resin may be 
used. Also, a thermal -curable type or a ultraviolet-curable type 
may be used. 

By a screen printing method, a seal material is applied and 
formed on the first substrate or the second substrate. 

After forming the seal material, two glass substrates are 
adhered to one another. As a method for adhering and curing, a 
heating curing method for curing a seal material for about 3 
hours by high temperature press at about 160 °C is usee. 

A liquid crystal material is injected from a liquid crystal 
inlet of the passive matrix type display device produced by 
adhering the first and second substrates, and then the liquid 
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crystal inlet is sealed by using an epoxy system 

Thus, the passive matrix type liquid crystal display device 
is completed. 
[Embodiment 6] 

The embodiment shows a schematic producing process for one 
substrate in a passive matrix type liquid crystal display 
device, using Figs. 4A to 5D. 

As described in Embodiment: 1, the silicon film is deposited 
as the peeling layer 51 on the glass substrate 5C . The silicon 
oxide film 53 is deposited as a base film on the peeling layer 
51. The crystalline silicon islands 54 and 55 are formed. Also, 
by plasma CVD or thermal CVD, the silicon oxide is deposited as 
the gate insulating film 56, and then gate electrode-wirings 57 
and 58 using crystalline silicon are formed. 

An -N-type and a ?-type impurities are introduced into the 
silicon islands 54 and 55 by ion doping or the like, to form the 
N-type regions 59 and the P-type regions 60. The interlayer 
insulator 61 is deposited, and then contact holes are formed 
therein, to form the aluminum alloy wirings 62 to 64. 

The polyimide film 70 is formed as a passivation film at 
2000 rpm for 25 seconds by a spinner. The thickness of the 
polyimide film 70 is set in accordance with a diameter of 
spacers . 

The transfer substrate 72 is adhered to the semiconductor 
integrated circuit by the resin 71. 

The processed substrate is left within air flow of a mixture 
gas of fluorine trichloride and nitrogen. Fluorine halide such 
as fluorine trichloride has a characteristic for selectively 
etching silicon. On the other hand, silicon oxide is not almost 
etched. Thus, the peeling layer made of silicon is etched in 
accordance with an elapse. However, the base film 53 made of 
silicon oxide is not almost etched, so that a TFT element is not 
damaged. When further elapsing a time, the peeling layer 51 is 
etched completely, thereby to peel the semiconductor integrated 
circuit completely. 
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The peeled semiconductor integrated circuit is adhered to a 
substrate 75 of a liquid crystal display device by a resin 76 
and then the transfer substrate 72 is removed. Thus, a transfer 
of the semiconductor integrated circuit to the substrate 7 5 of 
the liquid crystal display device is completed. 

By sputtering, the ITO film 80 is formed. The ITO film is a 
transparent conductive oxide and patterned to complete 
electrical connection between the electrical wirings and the 
semiconductor integrated circuit. 

As a result, the formation of the semiconductor integrated 
circuit on one substrate of the liquid crystal display device is 
completed. The liquid crystal display device is completed by 
using the obtained substrate. 

Next, a producing process for a passive matrix type liquid 
crystal' display device is explained below. 

The first and second substrates produced by the above 
processes are sufficiently washed to remove various chemicals 
such as an etching solution, a resist solution and a peeling 
solution which are used for surface-processing. 

An orientation film is adhered to an electrode region which 
is made of ITO and constructs pixels. An orientation material is 
obtained by dissolving, in a solvent such as butyl cellosolve or 
N-methyl pyrrolidone, a polyimide having about 10 weight % of 
the solvent . 

The orientation films adhered to the first and second 
substrates are heated and cured (baked) . Then, rubbing treatment 
is performed so that a surface of a glass substrate to which the 
orientation film is adhered is rubbed in a desired direction by 
using a buff cloth (a fiber such as rayon and nylon) having of a 
wool length of 2 to 3 mm at a surface and thus fine grooves are 
formed. 

Spherical spacers of a polymer system, a glass system, a 
silica system or the like are scattered (dispersed) on one of 
the first and second substrates. A spacer scattering method 
includes a wet method for scattering, on a substrate, spacers 
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into which a solvent such as pure water or alcohol is mixed and 
a dry method for scattering, on a substrate, spacers without 
using a solvent. In the embodiment, the dry method is used. 

A resin used as a seal material provided in an outer side of 
a substrate is applied. The seal material to be used is obtained 
by dissolving an epoxy resin and a phenol curing agent in a 
solvent of ethyl cellosolve. An acrylate system resin may be 
used. Also, a thermal-curable type or a ultraviolet-curable type 
may be used. 

By a screen printing method, a seal material is applied and 
formed on the first substrate or the second substrate. 

After forming the seal material, two glass substrates are 
adhered to one another. As a method for adhering and curing, a 
heating curing method for curing a seal material for about 3 
hours by high temperature press at about 160 °C is used. 

A liquid crystal material is injected from a liquid crystal 
inlet of the passive matrix type display device produced by 
adhering the first and second substrates, and then the liquid 
crystal inlet is sealed by using an epoxy system resin. 

Thus, the passive matrix type liquid crystal display device 
is completed. 

In the present invention, it is possible to use various 
variations with respect to a kind, a thickness and a size of a 
substrate in a display device. For example, as described in 
Embodiment 1, a extremely thin film-shaped liquid crystal 
display device can be obtained.. In this case, the display device 
may be adhered along a curved surface. Also, since a limitation 
of a kind of a substrate is relaxed, a material having light 
weight and high shock resistance, such as a plastic substrace, 
can be used, thereby to improve portability. 

In particular, by forming periphery of end portions of an 
insulating film covering a semiconductor integrated circuit into 
a taper shape, a structure having no disconnection of a wiring 
in step portion can be formed at formation of wirings or after 
the formation, thus, reliability of a display device can be 
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improved . 

Also, since an occupying area a driver circuit is small, a 
degree of freedom in arrangement of one display device and 
another display device is increased. Typically, since a driver 
circuit can be arranged in an area (several mm in width) around 
a display surface, a display device itself is an extremely 
simple and fashionable product. Its application is extended to 

various fields. 

According to the present invention, in a liquid crystal 
display device that a peripheral driver circuit is provided in a 
liquid crystal region wherein contamination resistance and 
humidity resistance of the peripheral driver circuit are 
improved and an external appearance is simple, breaking of the 
peripheral driver circuit due to a stress pressure to a 
substrate can be prevented and a substrate interval can be 
maintained constant. In particular, in a liquid crystal display 
device in which a plastic substrate modifiable by an external 
stress is used, breaking of the peripheral driver circuit can be 
prevented. Thus, reliability and durability of the liquid 
crystal display device can be improved further. 

Thus, the present invention has an extremely high industrial 
value . 
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What is claimed is: 



1. A liquid crystal display device comprising: 
a pair of opposed substrates, at least one of said substrates 
/ being provided with a pixel circuit for switching pixels of said 
display device; 

a liquid crystal material disposed between said pair of 
opposed substrates; 

a driver circuit comprising thin film transistors formed on 
said one of the substrates, 

wherein said thin film transistors are adhered to said one of 
the substrates by a resin. 



2. A liquid crystal display device according to claim 1 
wherein each of said thin film transistors comprises crystal 
silicon. 



3. A liquid crystal display device according to claim 1 
wherein said one of the substrates comprises a plastic. 

4. A liquid crystal display device according to claim 1 
wherein said driver circuit is covered by the other one of said 
pair of opposed substrates . 
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5. A liquid crystal display device according to claim 1 
wherein said device is a passive type. 

6. A liquid crystal display device according to claim 1 
wherein said device is an active matrix type. 

7. A liquid crystal display device comprising: 

a pair of opposed substrates, at least one of said substrates 
being provided with a pixel circuit for switching pixels of said 
display device; 

a liquid crystal material disposed between said pair of 
opposed substrates ; 

a driver circuit comprising thin film transistors formed on 
said one of the substrates; and 

a passivation film covering said driver circuit, said 
passivation film having a contact hole to allow an electrical 
connection between at least one of said thin film transistors and 
said pixel circuit, 

wherein said thin film transistors are adhered to said one of 
the substrates by a resin, and said contact hole has a tapered 
configuration. 
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8. A liquid crystal display device according to claim 7 
wherein each of said thin film transistors comprises crystal 
silicon. 

9. A liquid crystal display device according to claim 7 
wherein said one of the substrates comprises a plastic. 

10. A liquid crystal display device according to claim 7 
wherein said driver circuit is overlapped by the other one of said 
pair of opposed substrates. 

11- A liquid crystal display device according to claim 7 
wherein said device is a passive type. 

12. A liquid crystal display device according to claim 7 
wherein said device is an active matrix type. 

13. A liquid crystal display device according to claim 7 
wherein said passivation film comprises polyimide. 

14. A liquid crystal display device according to claim 7 
wherein said passivation film comprises silicon oxide. 
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15. A liquid crystal display device comprising: 

a pair of opposed substrates, at least one of said substrates 
being provided with a pixel circuit for switching pixels of said 
display device; 

a liquid crystal material disposed between said pair of 
opposed substrates; 

a driver circuit comprising thin film transistors formed on 
said one of the substrates; and 

a passivation film covering said driver circuit, said 
passivation film having a contact hole to allow an electrical 
connection between at least one of said thin film transistors and 
said pixel circuit, 

wherein said passivation film comprises at least two layers 
having different etching rates, and said contact hole has a tapered 
configuration . 

16. A liquid crystal display device according to claim 15 
wherein said passivation film comprises a first silicon oxide layer 
formed over said thin film transistors, and a second silicon oxide 
layer formed on said first silicon oxide layer, said silicon oxide 
layer having a larger etching rate than said first silicon oxide 
layer. 
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17. A liquid crystal display device according to claim 15 
wherein each of said thin film transistors comprises crystal 
silicon. 



18. A liquid crystal display device according to claim 15 
wherein said one of the substrates comprises a plastic. 

19. A liquid crystal display device according to claim 15 
wherein said driver circuit is overlapped by the other one of said 
pair of opposed substrates. 

20. A liquid crystal display device according to claim 15 
wherein said device is a passive type. 

21. A liquid crystal display device according to claim 15 
wherein said device is an active matrix type. 

22. A liquid crystal display device comprising: 

a pair of opposed substrates, at least one of said substrates 

being provided with a pixel circuit for switching pixels of said 
/ 

display device; 
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a liquid crystal material disposed between said pair of 
opposed substrates; 

a driver circuit comprising thin film transistors formed on 
said one of the substrates, 

wherein said thin film transistors are adhered to said one of 
the substrates by a resin and said driver circuit is electrically 
connected to said pixel circuit through a metal bump. 

23. A liquid crystal display device according to claim 22 
wherein said one of the substrates comprises a plastic. 

24. A liquid crystal display device according to claim 22 
wherein said driver circuit is covered by the other one of said 
pair of opposed substrates. 

25. A liquid crystal display device according to claim 22 
wherein said device is a passive type. 

26. A liquid crystal display device according to claim 22 
wherein said device is an active matrix type. 

65400. LJl 
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ABSTRACT OF THE DISCLOSURE 

In a liquid crystal display device, a first substrate 
includes electrical wirings and a semiconductor integrated 
circuit which has TFTs and is connected electrically to the 
electrical wirings, and a second substrate includes a 
transparent conductive filn on a surface thereof. A surface of 
the first: substrate that the electrical wirings are formed is 
opposite to the transparent conductive film on the second 
substrate, the semiconductor integrated circuit has 
substantially the same length as one side of a display screen 
(i.e., a matrix circuit) of the display device and is obtained 
by peeling it from another substrate and then forming in on the 
first substrate. Also, in a liquid crystal display device, a 
first substrate includes a matrix circuit and a peripheral 
driver circuit, and a second substrate is opposite to the first 
substrate, includes a matrix circuit and a peripheral driver 
circuit and has at least a size corresponding to the matrix 
circuit and the peripheral driver circuit. Spacers is provided 
between the first and second substrates. A seal material is 
formed outside the matrix circuits and the peripheral driver 
circuits in the first and second substrates. A liquid crystal 
material is filled inside a region enclosed by the seal 
material. A protective film is formed on the peripheral driver 
circuit has substantially a thickness equivalent to an interval 
between the substrates which is formed by the spacers. 



39 



1/15 





FIG. 1B 



2/15 





FIG. 3C 



4/15 




FIG4C 



6/15 




FIG. 6B 



7/15 




FIG. 7B 



8/15 




FIG 8C 



9/15 




FIG. 9C 



10/15 



///////// 



172 



EI 




FIG. 10A 



r 151 




FIG. 10B 



///////// 



i/^' vv^i e 




F/G. 70C 



7 76 /-7SO 




F/G. 10D 



11/15 



203 


y-202 




\ \ \ \ \ \_^_\ 




200 



FIG. 11 A 




FIG. 11 B 



t 

13/15 




FIG. 14 



14/15 




1 1 / / > 1 1 1 / 1 1 > 1 1 1 1 1 n / > / 1 > > / / > / 1 1 . 

: y 



FIG. 15C 



15/15 



47 



749 



750-\ 



r748 



747- 



w/m 

— 



V///////\ i///////. 




"A n\\\\\\m t\\\\vvvT 



731 



FIG. 16A 





PATENT 

ATTORNEY DOCKET NO: 07977/ 



COMBINED DECLARATION AND POWER OF ATTORNEY 
As a below named inventor. I hereby declare that: 

My residence, post office address and citizenship are as stated be.ow „ex, to my nam e. * 

tTlJ ^^^'c/SL^ 80,6 Mentor (if only one name is listed be.ow) on an ' 
.aimed and for which' .T^ V^nTST ™ J??™™} °f the subject matter which" 1 is 



O] 

clairru^ «„h f t v " u*mes are listed below) 

claimed and for which a patent is sought on the invention entitl ed 

METHOD FOR PRODUCING DISPLAY DEVICE 
the specification of which 

■ is attached hereto. 

□ was filed on ^ A .. . „ . 

as Application Serial No. 

and was amended on 

D was described and claimed in PCT International Application No. 



filed ° n Md ^ amended under PCT Article 19 on 



ac _ ian L a ~^ 3 h 7 : 22 ^ ts. t^r: 0 ",,.^- ,o " ma,er,al - 

foreign a^on^sf fo^ §119 f 

atSenTfied"' ^V*" ^ ^ ^ STSSw SlT™ 

also identified be ow any foreign application for patent or inventpr's certificate or any PCT 

Am^(M 0ll fil«d application(s) designating at least one country other than the United SuL o7 
Amenca **** b / »? on the ^ame subject matter having a filing date before that of the 
application(s) of which priority is claimed: 

PRIORITY CLAIMED 
CZYes ■ No 
Yes ■ No 
DC Yes ■ No 
□ Yes ■ No 



COUNTRY 


APPLICATION 


NO. FILING 


DATE 




JAPAN 


7- 


8637? 


March 


1 8 r 


1995 


JAPAN 


7- 


88789 


March 


21, 


1995 


JAPAN 


7- 


88759 


March 


22 . 


1 QQS 





rran^r „ n K * apP ° m ' fo,low ">8 attorneys and/or agents to prosecute this application and to 

transact all busmess in the Patent and Trademark Office connected therewith: Scott C. Harris 

fT ^ J 2 ' 0 ™ ' V 2" ,am E - B00th ' Re «- No - 28 ' 933 = Barr y E- Bretschneider. Re g. No 28 055 
No 2^6^^' /T 8 - H N ° 0 29 '°^ : Tim ° thy A - FfenCh ' Re «- N °- 30 ' 175 = A,an H. So don. Reg. 
R^e N i « h n? 68 - U N ° D 29 ' 554 - John B - Pe 8~™. Reg- No. 25,198; Rene D. Tegtmeyer. 

C ^inchesterf Re^^No 2 ^040° ^ ^ 36 ' 95 ° : P " Whd "- ^ 33-814; Charles' 

Address all telephone calls to Scott C Harris at telephone number 202/783-5070. 
NW . vJ^on^^C^r 6 10 ^-^n,' Fish * ^-"ardson P.C.. 601 !3«h Street 

I hereby declare that all statements made nerein ot my own knowledge are true and that all 
statements made on mformation and belief are believed to be true; and further that ThesT 
™n!£!w S K W « ^ Wieh - knov ,ed S e * hat ™~ and the like so made are 

CtodftS thl «r C K 0r . 1 , 1 m P n ^ nment - ™ **><». »"der Section 1001 of Title 18 of the United States 

paints fssutd the^T ' **" SU ' ementS ~ y je ° PardiZe V " idi " ° f ^ W™*™ " ^ 

Full Name of Inventor: Shunpei YAMAZAKI 

Inventor's Signature: , ^<^^^>^<^ 




Residence Address: Tokyo , J^Tpa 



Date: March 12 . T'Qft^ 



Revised: August 24, 1994 (391DECLMRG) 



COMBINED DECLARATION AND POWER OF ATTORNEY CONTINUED 

Citizen of: apanese 



Post Office Address: 4-10-20 T Seiio. Setagava-ku. Tokyo 157 Japan 



Full Name of Inventor: 
Inventor's Signature: 

Residence Address: 

Citizen of: 



Set suo NAKAJIMA 



%-> x m 



Date: March 12 , 1996 



Post Office Address: 



Kanagawa . Japan 



Japanese 



Flat: Atsugi 306 . 931-1, Hase. Atsugi-shi, Kanag awa - ke n 
243 Japan 



Full Name of Inventor: Yasuvuki ARAI 

Inventor's Signature: P^^^^vjfT^ 
Residence Address: U Kanagawa, Japan 
Citizen of: Japanese 



Date: March 12. 1996 



Post Office Address: 



1-29-6-202, Morinosato, Atsugi-shi, Kanagawa-ke n 
243-01 Japan 



Full Name of Inventor: 
Inventor* s Signature: _ 

Residence Address: 

Citizen of: 



Date: 



Post Office Address: 



Revised: August 24, 1994 (391DECL.MRG) 



